Advanced Chemical Propulsion 
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S7" Day 2000: Reducing Risk for the Next Generations 



Revolutionary Rockets 

Advanced Fuels and High Energy Density Materials 
• Strained Ring Hydrocarbons (Bai/TD40) 




CM 


ID 


‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Agenda 
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‘S7 Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Advanced Fuels Development Objective & Goal 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Agenda 
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‘S7" Day 2000: Reducing Risk for the Next Generations ” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbons 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbons 
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SUMMARY: 

• With cooperation with Air Force Research 
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‘S7 Day 2000: Reducing Risk for the Next Generations ” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 


Project Team Members 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 



Test Requirements 

• Measure the performance parameters 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 



Theoretical Comparison 



‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 





Test Engine & Rig - Combustor 
• Designed & Fabricated by G. G. Industries 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 



Test Rig 

• Originally Designed & Fabricated by Mason-Holodyne. 

• Extensive Modification by STD Technology Evaluation 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 
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Test Matrix 

• A successful test must go full duration, reach set point conditions for the 
chamber pressure, flow rate, etc, and involves the accurate measurement 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 




Pre-testing Activities 
•Valve Impact Tests at AFRL 
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‘S7 - Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Strained Ring Hydrocarbon Fuel Testing 



Objectives: 

• To test the detonation nature of the control valve while 
actuating it with the following advance HEDM fuels; 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Valve Impact Tests at AFRL 


Handling of Fuels require personal protective equipment 
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‘S7 Day 2000: Reducing Risk for the Next Generations ’’ - Advanced Chemical Propulsion 

Short Term Aging Study 
Material Comparability Tests 




RP & Quadricyclane 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Test Results: Quadricyclane 



Test 23: RP-1 vs 1,7 Octadiyne 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Preliminary Test Result: 1,7 Octadiyne 



Test 25: RP-1 vs AFRL-1 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Preliminary Test Result: AFRL-1 






‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Preliminary Test Result 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Fuels To Be Tested 
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“ST Day 2000: Reducing Risk for the Next Generations’’ - Advanced Chemical Propulsion 

Strained Ring Hydrocarbons: Joint Project with AFRL 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Agenda 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Atomic Propellants 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Agenda 




Atomic propellant offer large potential increases 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Atomic Propellants: Why Atomic Propellants? 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Atomic Propellants 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Agenda 




Pulse Detonation Engine / Pulse Detonation Rocket Engine 

• PDE Concept 

• NASA MSFC PDRE Activities 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Revolutionary Rockets 




Fresh, Mixed 

Fuel/Oxidizer Charge Detonation Wave Initiation 



‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Pulse Detonation Propulsion Uses 
“Fill and Fire” Operations 




CO 


c '5 
0 0*0 
V LU ^ 

I«| 

% > i 

a 2 E 
0 ) 0 - 5 
« >.«t 
3 « <5 
Q. S 0. 


C o 

o>.® 
(75 £ 


75 S ' 
~ .2 
c ** 
o> o 

■S ® 

o •=• 


(0 

C 

o 

E c 

■§ .2 

>•1 

= o 
(0 o 
0 ) +- 
<D </) 

o a> 
o «-* 

(D (0 

(5 r " 

w c 3 

go a> 
a> o 
c 

a> g 

< £ 

g a> 

.E Q. 


So 

CL CL 


c .£ 
a> o) 
> c 

§ W 

O 


a> 

E 

3 

a> o 

+■* W 
(0 > 

fS 

<0 c 
o 

w o 


CC 00 J. 

u- <n ® 

< — C 

M E 

< (A 3 
</>«</> 
Df 

0- </) 
<D 


(o9s) ds| |9AO“| ees 


“ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

PDRE Potential Based on Higher Thermodynamic Efficiency 

and a Self Pressurizing Process 
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Revolutionary Rockets 

Pulse Detonation Engine / Pulse Detonation Rocket Engine 
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Pulse Detonation Engines 



Pulse Detonation Engine / Pulse Detonation Rocket Engine 

• PDE Concept 

• NASA MSFC PDRE Activities 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Revolutionary Rockets 




Two contracts awarded to develop PDRE technology 

• ASI 

• UTRC 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

ASTP PDRE Projects 






ASI Accomplishments to Date 

♦ In Just Four Years, ASI/NASA/AFRL Have Demonstrated: 
• PDRE proof-of-concept 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - Advanced Chemical Propulsion 

ASTP PDRE Projects 


UTRC Accomplishments to Date 
♦ Proof-of-Concept Tests 

• Demonstrated PDRE operation with physical throat 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

ASTP PDRE Projects 
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‘ST Day 2000: Reducing Risk for the Next Generations’’ - Advanced Chemical Propulsion 

ASTP PDRE Projects 



Key Objectives of the Next Few Years 

♦ Demonstrate feasibility of PDRE to achieve performance and weight 
goals 
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ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

ASTP PDRE Projects 



Gaseous H 2 /0 2 laboratory-scale rocket engine simulator 

• Support development of theoretical/CFD analysis tools 

• Improve definition of system operational requirements 
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Development status 

• Electronic control circuits designed, fabricated and tested 

- computer based low-voltage digital (TTL) signal pulses 
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UTSI Performance Analysis 

♦ 1-D Pulsed Detonation Engine Cycle Deck (PDECD) Modification 

- Include the effects of variable mixture ratio 
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Future MSFC Research Plan 

• Continuation of current activities 

• PDR/PDRE Standard Performance Analysis Code 
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‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

ASTP Research Future Planning 



Pulse Detonation Engine / Pulse Detonation Rocket Engine 

• PDE Concept 

• NASA MSFC PDRE A ctivities 



‘ST Day 2000: Reducing Risk for the Next Generations” - Advanced Chemical Propulsion 

Revolutionary Rockets 
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